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EROSIONAL HISTORY OF THE NEW RIVER,
SOUTHERN APPALACHIANS, VIRGINIA

By

Brenda Houser

(ABSTRACT)

Much of the bedrock surface of the Southern Appalach-
ian Valley and Ridge Province is covered by a veneer of
surficial deposits classified as alluvium, colluvium, and
residuum. In this investigation the surficial geology of
a 60-km? area of the New River drainage system was mapped
at a scale of 1:24,000. The area is located within the
Eggleston and Newport 7 1/2-minute topographic quadrangles
in Giles County, southwest Virginia.

The data derived from mapping the surficial geology
(particularly alluvial deposits), in conjunction with
other field observations and with heavy-mineral analyses,
are interpreted in terms of provenance, depositional envi-
ronment (or accumulation), and preservation of the surfi-
cial deposits. In addition, these data are applied to an
interpretation of the evolution of the New River drainage
in the Valley and Ridge Province during the latter half

of the Neogene.



The areal distribution of the surficial materials
indicates that in a humid, temperate climate, deposits of
surficial materials tend to be preserved if they overlie
carbonate bedrock which weathers chemically, but tend to
be eroded from shale and sandstone bedrock which weathers
mechanically. In carbonate terrains where surface runoff
is minimal, surficial materials are let down in place by
solution and have been accumulating in a piecemeal fashion
over a time period which in some areas may include all of
Cenozoic time.

Analysis of the transparent heavy-mineral assemblages
contained in the modern alluvium and older alluvial depos-
its of the area indicates that radiation-damaged zircon
(intermediate and metamict) is unstable under conditions
of subaerial weathering. Earlier workers have suggested
that zircon is dissolved by acid ground water. This study
supports these earlier suggestions and further demon-
strates in a semiquantitative manner that the solution
rate of radiation-damaged zircon may be a linear function
of time as measured against either tourmaline or normal
zircon. The estimated period of time over which the solu-
tion rate of zircon appears to be linear is on the order
of 10 m.y.

The areal distribution and lithology of alluvial

deposits provide evidence which can be used to



reconstruct the late Cenozoic evolution of part of the
New River drainage system within the Valley and Ridge
Province. These data, in conjunction with assumptions
involving lithologic and structural variations within the
stratigraphic section which has been removed by erosion,
suggest that the James and Roanoke Rivers have captured
three northeastern tributaries of the New River during
the latter half of the Neogene. Within this time pericod,
no evidence was found of major changes in the course of
the New River itself (except for meander loops) between

Radford and Narrows.
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CHAPTER 1

INTRODUCTION

Much of the bedrock surface of the Valley and Ridge
Province of the Southern Appalachians is covered by a
veneer of surficial materials broadly classified as alluvium
(detritus transported by streams), colluvium (detritus which
moves downslope primarily by gravitational mechanisms), and
residuum (chemically resistant materials derived from under-
lying bedrock and formed in place). The distribution and
petrography of surficial materials are affected by the nature
of the parent materials, the processes by which the surficial
materials were originally formed or deposited, and the ero-
sional regime (including the effects of age) subsequent to
their formation or deposition. Surficial materials, there-
fore, can provide a record of past climates, tectonic move-
ments, drainage systems, and other components of erosional
regimes. In this investigation, the surficial materials of
a part of the New River drainage system in the Valley and
Ridge Province of southwest Virginia were studied to

determine the types of materials present and the processes



affecting their distribution, and to reconstruct as much of
the erosional history of the area as possible.

Primary emphasis is on the alluvium. Alluvial deposits
are common in the carbonate valleys of the Valley and Ridge
Province, and this study shows that under certain circum-
stances they can remain in place for millions of years.
These factors, in conjunction with a new technique for deter-
mining provenance and relative age based on empirical data,
have made it possible to reconstruct the evolution of part
of the New River drainage system through a period of about
the last 10 m.y.

The estimate of 10 m.y. is based on the modern erosion
rate of the South Fork of the Shenandoah River, calculated
by Hack (1965) to be 40 m/m.y. (130 ft/m.y.). Various rates
of erosion have been calculated for the Eastern United
States on the basis of a number of different types of data
(Gilluly, 1964; Judson and Ritter, 1964; Doherty and Lyons,
1980). Although all these rates are of the same order of
magnitude, the time period represented by the alluvium stud-
ied in this report can vary between 5 and 40 m.y., depending
on which erosion rate is used. To facilitate comparison
among alluvial deposits in the study area, the rate of
40 m/m.y. (130 ft/m.y.) was chosen because it was calculated
for a nearby area with climate, terrain, and bedrock

lithology similar to those of the study area.



The general characteristics of the surficial deposits
(composition, shape, areal distribution, thickness, nature
of boundaries) indicate that the mechanisms by which the
deposits were formed need not have been very different from
those operating in the area at the present time. Many
investigators have postulated significantly different previ-
ous climates and (or) erosional regimes for the Appalachians
to explain topographic forms and surficial deposits thought
to be anomalous. Cooper (1961, p. 9), for example, suggested
that large accumulations of sandstone boulders in obsequent
valleys in Giles County were emplaced as rock glaciers during
the Pleistocene. He thought that erosion under present cli-
matic conditions could not adequately account for the volume
of the deposits or large clast size. Fiedler (1967) agreed
with Cooper's suggestion and further suggested that perma-
frost conditions may have prevailed at moderate elevations
in Giles County during glacial maxima. Pierce (1966, p. 68),
however, came to the conclusion that similar boulder accumu-
lations in southern Pennsylvania probably were not relict
rock glaciers. He based his conclusion on the observation
that the volume of rock present in the Pennsylvania deposits
was as much as an order of magnitude smaller than the amount
present in rock glaciers in Alaska, as described by

Wahrhaftig and Cox (1959).



As a second example, early workers suggested that the
valleys of the major Appalachian rivers represented the
Harrisburg or valley-floor peneplain of Tertiary age, pro-
posed by Davis (1889). Stose and Miser (1922) assigned the
New River valley in Montgomery County to the valley-floor
peneplain and noted that the elevation is about 670 m
(2200 ft). Thornbury (1965, p. 76) presented a brief
review of several other studies in which topographic ele-
ments in particular regions of the Appalachians have been
ascribed to cycles of peneplanation.

The concept of peneplanation has gradually become sus-
pect as careful field studies have revealed alternative
mechanisms to produce the landforms on which Davis based
his concept of the geographic cycle. Rich (1933), Thompson
(1941), and Cooper (1944) demonstrated the close correla-
tion of ridge-crest elevation with bedrock structure and
lithology. They suggested that the apparent accordance of
ridge crests resulted not from a previous cycle of plana-
tion but from modern erosion processes working on rocks of
similar structure and lithology. This is the viewpoint now
accepted by the majority of American geologists, and the
cyclic aspect of peneplanation as envisioned by Davis gen-
erally is held to be an unrealistic concept.

Many relatively flat areas of local to regional extent,

however, are still frequently referred to as '"old erosion



surfaces," '"high-level straths," '"terraces,'" and so forth.
The Piedmont physiographic province, the '"Late Eocene sur-
face" of the southern Rocky Mountains (Epis and Chapin,
1975), and the wide valley floors of the Valley and Ridge
Province are examples. The valley floors usually are thought
to be pre-Pleistocene erosion surfaces into which the rivers
entrenched their channels as a result of accelerated erosion
during the Pleistocene (60-120 m (200-400 ft) for the New
River in the Great Valley) (Cooper, 1961, p. 4-10). Gambill
(1974) suggested that, within the area of this study, ''Valley
hilltops . . . developed on the Knox outcrop belt, may repre-

sent remnants of a former erosion surface of Sinking Creek."

There is an alternative to the hypothesis that long
periods of erosion uninterrupted by tectonic events or
climatic changes must necessarily produce flat topography.
Hack (1960), in the statement of his equilibrium concept of
landscape, suggested that a maturely dissected surface, with
topographic elements controlled primarily by lithology and
structure, may be the end product of erosion in a humid
climate rather than a relatively flat, old-age surface or a
peneplain on which waste products accumulate and stagnate.
Within this framework, the degree of flatness of
one area as compared to that in another could be ascribed,
in large part, to differences in bedrock rather than to

differences in the ages of erosion surfaces.



The New River is known to many geologists as the head-
water stream of the preglacial Teays River. Ray (1974,

p. 11-21) reviewed the literature pertaining to the Late
Tertiary drainage systems of the west side of the Appalach-
ians and the disruption of these systems by glaciers during
the Quaternary. The preglacial Teays River flowed north-
westward from Huntington, West Virginia, across Ohio and
Indiana to central Illinois, where it joined the preglacial
Mahomet River; the Teays-Mahomet River then flowed to the
ancestral Mississippi River.

The channel of the New River upstream from the limit
of glacial advance undoubtedly has been modified as a result
of both the initial disruption of the drainage and other
effects of the recurrent advance of the glaciers, such as
ponding along the glacial margin and alluviation. Study of
these glacially induced channel modifications is beyond the

scope of this investigation.

Location and Description of Study Area

The location of the study area is shown in figure 1 in
relation to the drainage basin of the New River and the
other major rivers of the Central and Southern Appalachians,
and in relation to the Appalachian geologic provinces.

This particular location was chosen because it was known

that several alluvial deposits, presumably derived from the



=

(8]
§
&

————

= —— ——

-
——
———

Figure 1.--Location of the study area, major rivers, and
geologic provinces of the Central and Southern

Appalachians.



New River, were present northwest of Spruce Run Mountain

in Giles County, Virginia. These deposits occur in saddles
and on knobs several hundred meters above the elevation of
the modern New River. Mapping of the surficial deposits in
this area, in conjunction with petrographic analyses of
representative surficial materials, has made it possible to
reconstruct the erosional history of the New River back

through a considerable period of time.

New River drainage system

The New River is 550 km long and drains an area of
approximately 19,500 km? in the Blue Ridge, Valley and
Ridge, and Plateau Provinces of the Southern Appalachian
system in North Carolina, Virginia, and West Virginia
(fig. 2). Its major tributaries are the North and South
Forks of the New River, the Little River, and the Green-
brier River. The New River heads in the Blue Ridge
Province near Boone, North Carolina, at an elevation of
1525 m (5000 ft), flows northeastward along the Blue Ridge
Upland for 105 km, and crosses into the southern extension
of the Great Valley at Austinville, Virginia. The river
then turns to the north and northwest and flows across the
northeast-trending structural grain of the Valley and

Ridge and Plateau Provinces.
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Figure 2.--Map of part of the New River in North Carolina,
Virginia, and West Virginia showing sample locations
of modern New River alluvium and location of the study
area.
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At the junction of the New River with the Gauley River
at Gauley Bridge, West Virginia, the name changes to the
Kanawha River. The Kanawha joins the Ohio River at Point
Pleasant about 80 km northeast of Huntington, West Virginia,
at an elevation of about 165 m (540 ft).

The bedrock in the New River drainage basin includes
the Precambrian metamorphic complex (greenschist and
amphibolite facies) of the southern Blue Ridge, folded and
faulted Paleozoic (Cambrian through Mississippian) clastic
and carbonate sedimentary rocks of the Valley and Ridge,
and essentially flat lying Mississippian and Pennsylvanian
clastic and carbonate sedimentary rocks of the Appalachian

Plateau.

Map area

The map area comprises 60 km? of the Eggleston and New-
port 7 1/2-minute quadrangles (fig. 3). It is bounded on
the southwest by the New River, on the southeast by the
Giles-Montgomery County line, and on the northeast by the
Giles-Craig County line. The northwest boundary is irregu-
lar and corresponds variously to the crest of Clover Hollow
Mountain, the base of Johns Creek Mountain, Sinking Creek,
and the crest of Spruce Run Mountain.

This area was selected for detailed mapping because

alluvial deposits of the New River were known to be present
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Figure 3.--Map showing the boundaries of the map area in
relation to streams and ridges.



12

there at heights of as much as 183 m (600 ft) above the
modern New River. An additional advantage is the presence
of two parallel, ridge-forming belts of sandstone (Gap-
Sinking Creek Mountain and Brush Mountain) which have acted
as partial barriers between the area and stream systems
heading in the Blue Ridge. These ridges have simplified
the interpretation of the evolution of the drainage systems
by restricting the course of the various rivers across the
ridges to water gaps at specific locations.

The area is within the Valley and Ridge Province of the
southern Appalachian Mountains and includes parts of the
second and third strike valleys northwest of the Great
Valley. The valleys are drained by Spruce Run and Sinking
Creek. Both Spruce Run and Sinking Creek flow southwestward
to the New River, although Sinking Creek crosses northwest
from the second strike valley to the third between Clover
Hollow and Spruce Run Mountains. Spruce Run is 8.5 km long
and drains an area of 19 km?. Sinking Creek is 45 km long
and drains an area of about 200 km?. Twenty-six kilometers
of Sinking Creek is within the map area from its mouth at the
New River northeast to the Giles-Craig County line. During
the summer months, Sinking Creek sinks at a point about 8 km
upstream from its mouth and emerges in a line of springs at
the New River about 1.5 km southeast of the mouth of the

creek (J. Saunders, written commun., 1973).
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The maximum relief within the area is 475 m (1560 ft),
but the average relief between ridge crests and valley
floors is about 300 m (1000 ft). The bedrock is folded and
faulted Middle Cambrian through Middle Devonian clastic and
carbonate sedimentary rocks overlain in much of the area by

a thin mantle of surficial materials.

Methods of Study

The methods of study included detailed mapping and
petrographic study of surficial materials in a 60-km? area
of Giles County; reconnaissance mapping of surficial materi-
als in an area including parts of Giles, Craig, Montgomery,
and Pulaski Counties (fig. 4); and isolated observations of
surficial materials throughout the Appalachian Mountains,
the Piedmont, and Coastal Plains of the Eastern United
States. The distribution and preservation of surficial
materials were correlated with processes dependent upon
bedrock lithology and structure.

Nonopaque heavy minerals were identified in samples
collected from representative surficial materials and modern
streams as an additional descriptive parameter to aid in
determining provenance and relative age. Fifty-seven sam-
ples were collected for heavy-mineral studies from alluvial,

residual, and colluvial deposits in the Valley and Ridge
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Province and from modern stream alluvium. The locations of
the samples are shown in three illustrations. Samples
collected within the area of the Eggleston and Newport

7 1/2-minute quadrangles are shown on the surficial geologic
map (pl. 2). The locations of samples collected from the
New River and from some of the Blue Ridge tributaries are
shown in figure 2. Figure 4 shows the locations of samples
discussed in the heavy-mineral analysis in Chapter 5. De-
scriptions of the sample locations are given in the appendix.

Metric units are used throughout this report. English
units are‘given in parentheses following the metric units
for measurements pertaining to elevation or height.

In this part of the Appalachians, segments of ridges
separated along strike by water gaps and wind gaps usually
have different names. Thus, Big Walker Mountain, Gap Moun-
tain, and Sinking Creek Mountain are actually a single
strike ridge. For the purpose of referring to more than
one segment of a strike ridge, I have used the names of the
segments (from southwest to northeast) separated by hyphens.
Through this usage, for example, the ridge underlain by the
Spruce Run syncline, northeast of the New River (pl. 1),

becomes Spruce Run-Clover Hollow Mountain.



16

ACKNOWLEDGMENTS

This report has benefited from the review and helpful
suggestions of G. C. Grender, J. T. Hack, W. D. Lowry,
F. N. Houser, and J. C. Reed. Special thanks are due
M. J. Bartholomew, who found a critical outcrop of alluvium
which substantiates the former existence of the Blacksburg
River, and J. A. Speer for his assistance in identifying
some of the less common heavy-mineral species. The study
was supported in part by a grant from the Department of
Geological Sciences of the Virginia Polytechnic Institute
and State University, for fieldwork during the summer of

1972.



CHAPTER 2

GENERAL GEOLOGY

The Appalachian Mountain system is a belt of Precambrian
and Paleozoic rocks which trends generally northeastward
from central Alabama to Newfoundland, a distance of about
3200 km. The system can be divided into four arcuate seg-
ments (concave to the southeast), each differing somewhat
in its geologic history and style of deformation but each
deformed during the Paleozoic. A detailed discussion of
the geology of the Appalachians was presented by Rodgers
(1970) and a more general discussion by King (1977). Spe-
cific topics of the Central and Southern Appalachians were
covered in Fisher and others (1970).

The area of this study is near the northeast end
of the most southerly of the arcuate segments, termed the
Southern Appalachians (fig. 1). The Southern Appalachians
extend from central Alabama to southern Virginia (750 km).
The next arcuate segment to the northeast, the Central
Appalachians, extends from southern Virginia to near New
York City (650 km). The Central and Southern Appalachians
have an average width of 300-500 km and are bounded on the
east and southeast by the Atlantic Coastal Plain. On the
south, west, and northwest the boundaries are the Gulf

Coastal Plain and the stable continental interior.
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Geology and Physiography of the

Central and Southern Appalachians

The Central and Southern Appalachians have had
different tectonic and erosional histories, but they are
similar in that each consists of four distinct geologic
provinces. The provinces parallel the trend of the Appa-
lachian system and are, from southeast to northwest, the
Piedmont, Blue Ridge, Valley and Ridge, and Appalachian

Plateau Provinces.

Piedmont Province

The Piedmont Province is bounded on the southeast at
the Fall Line by the sedimentary overlap of the Atlantic
and Gulf Coastal Plains and on the northwest by the Blue
Ridge. It is underlain by metamorphosed eugeosynclinal
rocks of late Precambrian to early Paleozoic age, Pre-
cambrian basement rocks, and Paleozoic mafic and granitic
intrusives. A number of grabens and half-grabens filled
with red Triassic-Jurassic(?) continental sediments are
present within the Piedmont and under the Coastal Plain.
Numerous diabase dikes and some mafic sills and plutons
emplaced during the Triassic-Jurassic(?) tensional episode

are also present.
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Fisher (1970, p. 295) compared the map shape of the
Piedmont to that of ". . . a wild duck swimming gracefully
northward. From its beak in central New Jersey to its tail
in Alabama, it stretches 1350 km. At its neck in northern
Virginia, it is only 16 km across, but at its belly in the
Carolinas it widens to nearly 240 km."

Topographically, the Piedmont Province consists of
gently rolling hills with local relief in the range of
50-100 m (150-300 ft). Within a given area, many hill
crests reach similar elevations so that, viewed from a high
point, the surface of the Piedmont has the appearance of a
plain. The general slope of the province is to the south-
east and south in the direction of flow of the major rivers.
The elevation at the northwest edge of the Piedmont varies
from 230 m (750 ft) in Pennsylvania and Maryland to
300-450 m (1000-1500 ft) from Virginia southwestward. The
southeastern edge of the Piedmont along the Fall Line shows
a similar increase in elevation to the southwest--from 75 m
(250 ft) in northern Virginia to 150 m (500 ft) in South
Carolina and Georgia, and as much as 210 m (690 ft) in

Alabama.
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Although the structural trend of rocks within the
Piedmont is northeast, the courses of most of the larger
streams show little structural control and the drainage
pattern is primarily dendritic. Exceptions are the Yadkin,
Roanoke, and James Rivers, which flow northeast along
strike for considerable distances after leaving the Blue
Ridge, and the Potomac and Delaware Rivers, which flow
southwest along the Fall Line before turning to the south-

east across the Coastal Plain.

Blue Ridge Province

Northwest of the Piedmont is the Blue Ridge Province.
The Blue Ridge is a continuous, characteristicaily moun-
tainous belt of metamorphosed Precambrian and lowermost
Cambrian rocks which extends from southeastern Pennsylvania
to northwestern Alabama, a distance of about 1100 km. Its
northwestern boundary is the Valley and Ridge Province.
This boundary corresponds approximately to a change in
style of deformation, from penetrative on the southeast to
less penetrative but folded and faulted in the Valley and
Ridge to the northwest. The boundary between the Blue
Ridge Province and the Piedmont to the southeast is the
border faults of the Gettysburg and Leesburg Triassic
basins in Pennsylvania, Maryland, and Virginia. In south-
ern Virginia, the southeast boundary is the James River
synclinorium, and from North Carolina to Alabama it is the

Brevard zone.



21

The Central Blue Ridge, from South Mountain in Pennsyl-
vania to Roanoke, Virginia, is an anticlinorium overturned
to the northwest with a core of older Precambrian plutonic
gneisses (which include some charnockitic rocks) and with
younger Precambrian metasedimentary and volcanic rocks on
its flanks (Espenshade, 1970). The younger Precambrian
metasedimentary rocks unconformably overlie the basement
gneiss complex. They are from 30 to 365 m thick, and
consist primarily of graywacke, conglomerate, slate, and
phyllite. The metasediments are, in turn, overlain by
metabasalts of the Catoctin Formation between southern
Pennsylvania and the James River in Virginia. The Catoctin
is as much as 550 m thick, and was considered by Espenshade
(1970, p. 205) to be most probably late Precambrian in age.

The south end of the Central Blue Ridge, between the
James River and Roanoke, is allochthonous and is separated
from the Valley and Ridge Province, to the northwest, by
thrust faults. Considerable controversy has arisen over
the years as to whether the Blue Ridge north of the James
River is allochthonous or autochthonous, because there are
no apparent thrust faults in this area. Gwinn (1970) and
Harris (1979) recently presented evidence that this part
of the Blue Ridge is also allochthonous.

The Central Blue Ridge is narrow, ranging from about

7 km wide in Pennsylvania and Maryland to 30 km wide in
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Virginia. The Central Blue Ridge physiographic province is
even narrower, from 3 to 20 km wide, because only the west-
ern 1limb of the anticlinorium and (in central Virginia) the
western half of the core form mountainous topography. Most
of the eastern limb and core form rolling hills which are
within the Piedmont physiographic province. The elevation
of the Blue Ridge is relatively low between South Mountain
and Front Royal, Virginia, 520-675 m (1700-2200 ft), but
between Front Royal and Roanoke elevations of 900-1200 m
(3000-4000 ft) are common.

Structure of the Southern Blue Ridge (south of Roanoke)
is quite different from that of the Central Blue Ridge.
Here it is readily apparent that the Precambrian rocks have
moved northwestward over the Paleozoic rocks of the Valley
and Ridge along large thrust faults. Displacement of some
of the thrust sheets is on the order of tens of kilometers.

As discussed by Bryant and Reed (1970), the Precambrian
basement of the northwestern part of the Blue Ridge, in
southwestern Virginia and western North Carolina, consists
principally of 1000- to 1100-m.y.-o0old plutonic granitic
rocks (for example, the Cranberry Gneiss), at least some of
which are probably granitized sedimentary and volcanic
rocks. The southeastern part of the Southern Blue Ridge
consists mainly of upper Precambrian metasedimentary and

metavolcanic rocks (mica schist, mica gneiss, and
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amphibolite). Distinction between the basement complex and
the upper Precambrian rocks in this area is not clear
because of the metamorphic overprint.

On the northwestern side, the upper Precambrian rocks
are less metamorphosed and are clearly unconformable on the
older Precambrian basement rocks. These upper Precambrian
units include metasedimentary rocks of the Ocoee Group and
Lynchburg Formation and the interlayered metasedimentary
and metavolcanic rocks of the Mt. Rogers Formation. The
Ocoee Group is as much as 12,000 m thick; the Mt. Rogers
Formation is as much as 3000 m thick. Latest Precambrian(?)
and Early Cambrian-age clastic rocks of the Chilhowee Group
are exposed in windows beneath the Blue Ridge thrust sheet
and in thrust sheets of the Unaka belt northwest of the
Blue Ridge.

The Southern Blue Ridge is much wider than the Central
Blue Ridge, reaching widths of more than 100 km in North
Carolina and Tennessee. The Blue Ridge geologic and physio-
graphic provinces are approximately coincident between
Roanoke and northern Georgia. However, the southwestern
extension of the Blue Ridge geologic province in Georgia
and Alabama, the Ashland-Wedowee belt, is not mountainous,
and is part of the Piedmont physiographic province. Much
of the Southern Blue Ridge physiographic province is an

area of rugged mountains. Relief on the order of 1000 m
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(3000 ft) is common, and many summits have elevations of
1400-1800 m (4600-5900 ft). Mount Mitchell, the highest
summit in the eastern United States, with an elevation of
2037 m (6683 ft), is within the province.

In addition to structural differences, the drainage of
the Southern Blue Ridge is also quite different from that
of the Central Blue Ridge. The Atlantic-Gulf of Mexico
drainage divide is northwest of the Central Blue
Ridge but near the southeastern edge of the Southern Blue
Ridge (fig. 1). The Central Blue Ridge (including the
Reading Prong, the northeast extension of the Blue Ridge
geologic province in eastern Pennsylvania and New Jersey)
is crossed by five southeast-flowing rivers which head in
the Valley and Ridge and (or) Plateau Provinces--the
Delaware, Susquehanna, Potomac, James, and Roanoke. Short,
high-gradient tributaries flow northwestward and southeast-
ward from the crest of the narrow Blue Ridge Mountains
between the five major water gaps.

In contrast, the major rivers of the southeastern
United States have their headwaters in the Southern Blue
Ridge physiographic province. Most of the drainage is
southwest, to the Gulf of Mexico; however, the arrangement
of the rivers around the Southern Blue Ridge is approxi-
mately radial. The Atlantic-Gulf of Mexico drainage divide

is at the crest of the Blue Ridge escarpment, as
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much as 25 km northwest of the boundary between the Blue
Ridge and Piedmont geologic provinces. Tributaries of the
Pee Dee, Santee, Savannah, and Altamaha Rivers drain this
25-km-wide strip toward the southeast. The Chattahoochee
and Alabama Rivers flow southward and southwestward from
the southwestern end of the Blue Ridge and the Ashland-
Wedowee belt directly to the Gulf of Mexico. About three-
fourths of the main body of the Southern Blue Ridge high-
lands is drained to the west and northwest by tributaries
of the Tennessee River. The drainage of the remaining
one-fourth is to the north and northeast, by the New River
and its tributaries. Both the Tennessee and New Rivers
flow to the Gulf of Mexico by way of the Ohio River.
Although the structural trend of the Southern Blue
Ridge is northeast, the drainage pattern is predominantly
dendritic, similar to that of the Piedmont. In fact, the
topography of the part of the Blue Ridge drained by the New
River is very similar in appearance to that of the Piedmont,
being only slightly hillier but 500-600 m (1600-2000 ft)

higher in general elevation.

Valley and Ridge and Appalachian
Plateau Provinces
The remaining two provinces of the Appalachian system,
the Valley and Ridge and the Appalachian Plateau, are

underlain by a thick sequence of Paleozoic miogeosynclinal
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sedimentary rocks. The rocks of Cambrian through Middle
Ordovician age are primarily carbonate units; those of

Late Ordovician through Permian age are primarily clastic
units, although relatively thick limestone sequences are
present in the Silurian through Mississippian. The rocks
have been intensely folded and faulted in the Valley and
Ridge Province on the southeast but only very gently folded
in the Appalachian Plateau to the northwest. The boundary
between the provinces is a narrow transition zone called
the Appalachian structural front.

The different degrees of deformation are largely
responsible for the characteristic topography of each of
the provinces. Differential erosion of the rock units in
long, northeast-oriented folds and fault blocks has resulted
in the topography which gives the Valley and Ridge Province
its name; i.e., a parallel arrangement of linear, even-
crested ridges separated by valleys which are somewhat wider
than the ridges. The stream pattern is trellis,

The Appalachian Plateau is characterized by a dendritic
drainage pattern for the larger streams with steep-sided,
V-shaped stream valleys and flat-topped interfluves. Within
a given area, most of the interfluves are underlain by the
same resistant, nearly flat lying sandstone layer and there-
fore tend to be accordant. This is the feature that gives

the province the name '"Plateau,' although in reality it is
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an area of very high relief. The high relief and dendritic
drainage pattern make the Appalachian Plateau one of those
areas where the saying '"You can't get there from here" is
particularly applicable.

In general, from the Blue Ridge northwest to the Appa-
lachian Plateau the rocks become structurally lower and
stratigraphically higher. Thus, Precambrian and Lower
Cambrian rocks are exposed in the Blue Ridge, Cambrian
through Mississippian rocks in the Valley and Ridge, and
Mississippian through Permian in the Plateau. This, as
well as the degree of deformation, controls the topography.
For example, chemical weathering of the predominantly car-
bonate units in the outcrop belt of Cambrian through Ordo-
vician rocks just northwest of the Blue Ridge has formed
the Great Valley--a broad valley (as much as 40-50 km wide)
which extends more or less continuously from Pennsylvania
to Tennessee. Also, the rugged topography and high average
elevation (about 600 m (2000 ft)) of the Appalaﬁhian Pla-
teau are due in large part to the preponderance of carbon-
iferous sandstone in the stratigraphic section.

There is a significant difference in structural style
between the Central and the Southern Valley and Ridge Prov-
inces, similar to the difference between the Central and
Southern Blue Ridge. 1In the Central Appalachians the

deformation of the Valley and Ridge is characterized by
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anticlines and synclines, asymmetric or overturned to the
northwest. Faults are present but are subordinate in
number to folds, although drill data indicate that thrust
faults are present at depth (Gwinn, 1970). In contrast to
relatively simple folding in the Central Valley and Ridge,
the deformation of the Southern Valley and Ridge is charac-
terized by southeast-dipping thrust faults and high-angle
reverse faults. Some of the thrust faults, such as the
Pulaski and Saltville, are hundreds of kilometers long.
Although the change in structural style from folding to
faulting is gradational along strike, in general it is
centered about the town of Buchanan, 40 km northeast of
Roanoke, Virginia.

The drainage and topography of the Central and South-
ern Valley and Ridge are very similar, in spite of the
difference in structural style. The ridges in the Central
Valley and Ridge tend to be more continuous than those in
the Southern Valley and Ridge, where the ridges are more
often terminated by faults. The drainage pattern is

trellis in both parts of the province.

Bedrock Geology

Reconnaissance area
The area investigated in reconnaissance (fig. 4) is
within the Valley and Ridge Province, and includes parts of

Giles, Craig, Montgomery, and Pulaski Counties, Virginia.
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Figure 5 is a geologic map of this area, compiled from
Butts (1933), Cooper (1961), Eckroade (1962), and Bartholo-
mew and Lowry (1979). Discussions of the stratigraphy and
structure of the reconnaissance area were given by Cooper
(1961, 1963, 1964), Rodgers (1970, p. 39-47), and Lowry
(1971, 1979).

The area can be readily separated into two east-
northeast-trending parts on the basis of structure and
topography. The southeastern part is a broad valley, about
20 km wide, between the Blue Ridge on the southeast and
Cloyds-Brush Mountain on the northwest. This is the south-
western extension of the Great Valley. The bedrock con-
sists primarily of carbonate rock and shale of the Cambrian
Rome and Elbrook Formations and the Cambrian and Ordovician
Knox Group (Cooper, 1963; Lowry, 1971; Bartholomew and
Lowry, 1979). These units are exposed in a complex system
of imbricate thrust sheets between the Blue Ridge fault and
the northwest edge of the Pulaski fault. Limestone, shale,
and sandstone units ranging in age from Middle Cambrian
through Mississippian are exposed in windows. The more
resistant units exposed in windows, such as the Price
Mountain window, form low hills with relief of 50-150 m

(150-500 ft).
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The northwestern part of the reconnaissance area is
structurally simpler, because there are no imbricate thrust
sheets. The main structural elements in this area are the
Saltville fault block and the Narrows fault block. The
Saltville fault block lies between the Pulaski fault south-
east of Cloyds and Brush Mountains and the Saltville fault
on the southeast side of Buckeye, Spruce Run, and Clover
Hollow Mountains. The Saltville fault in this area is a
high-angle reverse fault dipping about 55° southeast. The
rock units of the Saltville fault block dip southeast and
consist of the complete stratigraphic sequence of the area
from the Middle Cambrian Nolichucky and Honaker Formations
to the Lower Mississippian Maccrady Formation. The topog-
raphy developed on this sequence is typical of the Valley
and Ridge and consists of narrow ridges underlain by
resistant units (Cloyd Conglomerate and the Juniata Forma-
tion, Tuscarora Sandstone, Rose Hill Formation, and Keefer
Sandstone) alternating with narrow valleys underlain by
nonresistant units (Devonian shale and Cambrian and Ordo-
vician shale and carbonate). The topographic relief is
200-300 m (650-1000 ft).

The Narrows fault block is characterized by a series
of plunging anticlines and synclines in stratigraphic units
ranging in age from Early Cambrian through Middle Devonian.

From southeast to northwest the folds are the Spruce Run
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syncline, Clover Hollow anticline, Johns Creek syncline,
Bane anticline, and Pearisburg syncline. The topography
developed on the Narrows fault block in this area is a
broad valley (20 km by 10 km) elongate to the northeast and
flanked by mountainous areas on the northeast, northwest,
and southwest. Structurally, the valley is the result of
unroofing of the Clover Hollow anticline and the doubly
plunging Bane anticline, which has exposed relatively
nonresistant Cambrian and Ordovician shale and carbonate
units. The adjacent mountains are quite high, about

1200 m (4000 ft), and are underlain by structurally lower
Upper Ordovician, Lower Silurian, and Lower Devonian

clastic units.

Detailed map area

The bedrock geology of the area of the detailed part

of this study has been mapped by Hobbs (1953), Oven-
shine (1961), and Gambill (1974). Formation descriptions
are given in table 1, modified from Gambill (1974).
Table 2 lists the thicknesses of the formations measured
by Hobbs, Ovenshine, and Gambill. Plate 1 is a compilation
of the three geologic maps, with some modifications in the
area mapped by Hobbs and Gambill. The modifications are:
(1) repositioning the trace of one of the splays of the
Saltville fault southeast of Clover Hollow Mountain on the

basis of field observations in this study, (2) a
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Table 1.--Stratigraphy of the New River valley in Giles
County, Virginia (modified from Gambill, 1974)

System

Series

Formations

Description

Devonian

Silurian

Wenlockian

Keefer Ss.

Undifferentiated Millboro Shale,
Huntersville Chert, Rocky Gap Sand-
stone of Early Devonian age and Tonol-
oway Limestone of Late Silurian age.
White to reddish-white, fine- to
medium-grained, medium- to thick-
bedded orthoquartzite; cross-bedding
and local Scolithus structures

common.

Llandoverian

Rose Hill Fm.

Maroon, iron-rich, thin- to medium-
bedded sandstones and shales;
quartz grains cemented with crys-
talline hematite.

Tuscarora Ss.

White to light-gray orthoquartzite
and quartzitic sandstone, in part,
conglomeratic; cross-bedding, ripple
marks, and local Scolithus struc-
tures common.

Crdovician

Cincinnatian

Champlainian

Canadian

Middle Ordovi~ian Limestones

Juniata Fm.

Dark-red and olive-green shales and
thin-bedded, brownish-red siltstones
and sandstones; light-brown to white
medium-bedded sandstone at top.

Martinsburg Fm.

Interbedded dark-gray, thin-bedded,
coarse-grained, skeletal limestone
and brown shale at base; grades to
yellow-brown shale; minor siltstones
and sandstones at top.

Eggleston Fm.

Brown and gray, thin-bedded Iime-
stones, siltstones, and shales;
several interbedded bentonites,
some with subjacent silicified
cuneiform jointed beds.

Moccasin Fm.

Red and green calcareous, silty
mudstone and interbedded sand-
stone and conglomeratic sand-
stone; in part fracture-cleaved.

Witten Ls.

Gray, locally cross-bedded intra-
clast, ooid, and skeletal grain-
stones, and algal mat boundstones.

Benbolt Ls.

‘Black, argillaceous skeletal pack-
stones and wackestones and gray,
skeletal grainstones at top.

Pearisburg-
Lincolnshire Ls.

Black, cherty, skeletal packstones
and wackestones, gray skeletal
grainstones and algal mat bound-
stones.

Five Oaks-
Elway Ls.

Black, very cherty skeletal lime-
stones; gray argillaceous lime mud-
stones; and gray lime mudstones
with birdseye textures.

Blackford Fm.

Gray and red, medium- to thick-
bedded, argillaceous dolomite and
dolomitic limestones; basal chert
and dolomite conglomerate.

Major Unconformity

Upper Xnox Dol.

Gray, medium- to thick-bedded
cherty dolomite with interbedded
limestones.

Cambrian

Croixian

Copper Ridge Fm.
(Lower Knox)

Gray, thin- to medium-pedded
cherty dolomite with interbedded
rusty-brown, carbonate-cemented
sandstones and oolitic chert.

Nolichucky Shale

Light-brown shale and/or gray
dolomitic shale.

Albertian

Honaker Dolomite

Dark- to light gray, thick-bedded
dolomite.
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Table 2.--Thickness of exposed Paleozoic units, New River
valley, Giles County, Virginia

[Leaders (---) indicate no data]

Hobbs (1953) Ovenshine (1961) Gambill (1974)

(m) (m) (m)

Devonian-------------- -----c------- b20 2 >152
£ | Keefer Ss------------- 30-37 46 30-46
15 Rose Hill Fm---------- 27-34 75-82 50-46
5 Tuscarora Ss---------- 46-52 18-37 30-46

Juniata Fn------------ 104-113 50-53 46-61

‘fartinsburg Fm-------- 302-311 366 305-396
.é Eggleston Fm---------- =-------n---- 9-32 15-30
’é ‘loccasin Fm----------- 15-21 20-66 15-46
E ‘{iddle Crdovician 1s-- 280-287 229-396 152-405
— Knox Group------------ 792 716 579-701
=
E. Nolichucky Sh--------- ------------ 15 15
E Honaker Dol----------- ------------ 299 >427

lRocky Gap Sandstone.

’Devonian, undifferentiated.



reinterpretation of the sense of movement and length of the
northwest-trending fault which offsets the southwest end of
Clover Hollow Mountain, and (3) the extension northeastward
of the thrust fault mapped by Ovenshine northwest of Spruce
Run Mountain to the northwest side of Clover Hollow Moun-
tain. (This fault is shown on Gambill's cross section C-C',
but not on his map.)

Approximately 1830-2130 m of carbonate rock, shale,
and sandstone, ranging in age from Middle Cambrian to Early
Devonian, is exposed in the area. Carbonate units are dom-
inant in the Middle Cambrian through Middle Ordovician part
of the section. The Upper Ordovician rocks grade upward
from shaly limestone to shale to muddy sandstone. The
Lower Silurian units are orthoquartzite and hematite-
cemented sandstone. The Rocky Gap Sandstone is the only
recognizable Lower Devonian formation in the area. The
Tonoloway Limestone of Late Silurian and Early Devonian age
may be present in the area, although it was not recognized
by Hobbs, Ovenshine, or Gambill. Cooper (1961) described
this formation northwest of the study area.

Two major unconformities are represented in this part
of the Appalachians. One is between the Lower Ordovician
Knox Dolomite and Middle Ordovician limestones; the other
is between the Lower Silurian Keefer Sandstone and the

Lower Devonian Rocky Gap Sandstone. This second



unconformity is between the Tonoloway Limestone and the
Rocky Gap Sandstone if the Tonoloway is present.

The structures present in the area were discussed in
the preceding section. They strike generally N. 50° E. in
the northeast half of the area and N. 75° E. in the south-
west half.

The ridges within the area are underlain by the Upper
Ordovician through Lower Devonian clastic sequence. The
most resistant unit in this sequence is the Tuscarora Sand-
stone (Cooper, 1944, p. 217) and, in most instances, it is
the unit which forms ridge crests. Over synclinal moun-
tains, however, such as Kelly Knob, Spruce Run-Clover Hol-
low Mountain, and Butt Mountain, the Rose Hill Formation
commonly underlies the topographically highest parts of the
mountains. Facies-controlled beds of chert and calcareous
sandstone within the Cambrian and Ordovician carbonates
form low ridges and knobs in the valleys. Karst topography

is present over all the carbonate units.



CHAPTER 3

SURFICIAL GEOLOGY

General Description

More than 90 percent of the area is covered by a veneer
of various types of surficial materials which can be broadly
classified as colluvium, alluvium, and residuum. For the
most part, the surficial deposits are fairly thin. Thick
residuum is not common on the limestones. The thickest
deposit of residuum noted in this study is at sample local-
ity 18 along U.S. route 460 and is about 8 m thick. Some
alluvial deposits have been eroded to the point where they
are only one or two layers of cobbles thick. However, on
the average the surficial deposits are 1-5 m thick.

The areal and vertical extent of the deposits depends
on their original depositional shape, the lithology of the
bedrock, and subsequent weathering and erosion. Surficial
deposits tend to be preserved if they overlie carbonate
bedrock which weathers chemically. Deposits on rocks which
weather mechanically, such as the Upper Ordovician, Lower
Silurian, and Devonian sandstone, the shale unit of the
Martinsburg Formation, and the sandstone of the Copper
Ridge Formation, tend to be removed by surface runoff.

Most of the transported surficial materials are locally
derived from resistant Paleozoic bedrock within the Valley

and Ridge Province. Less resistant lithologies such as

37
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limestone and shale clasts are usually present but do not
survive transport distances of more than a few kilometers
(Hack, 1957). Alluvial materials deposited by rivers which
head in the Blue Ridge Province contain clasts of vein
quartz, metaquartzite, and Lower Cambrian orthoquartzite
and metaquartzite in addition to clasts supplied by tribu-
tary streams heading in the Valley and Ridge Province. The
ages of the surficial materials range from modern to prob-
ably several million years old, based on the 300-m
(1000-ft) height above the New River of one of the older
alluvial deposits. Because most alluvial deposits are well
drained and oxidized, datable materials such as wood, bones,
pollen, and ostracodes are rarely preserved. No datable
organic material, indigenous to the alluvial deposits, was

found in the study area.

Description of Map Units

The map units are defined on the basis of composition,
amount of stream polish if present, and shape of the
pebble-size and larger clasts. Other diagnostic features
such as sorting and bedding, or the lack of it, are not
usually apparent. Seven categories of surficial materials,
which are adequate for mapping purposes in the study area,
are: Blue Ridge-derived alluvium, Valley and Ridge-derived
alluvium, colluvium, boulder streams, first-stage alluvium,

second-stage alluvium, and residuum and bedrock (pl. 2).
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Deposits of larger perennial streams

Blue Ridge-derived alluvium

Alluvium deposited by rivers which head in the Blue
Ridge contain 30 to 60 percent cobbles of vein quartz and
metaquartzite, ovoid to discoid in shape. Other large
clasts, which are predominantly Lower Paleozoic sandstone,
are generally very well rounded. The surfaces of most vein
quartz, metaquartzite, and orthoquartzite clasts are very
well polished, and many of these clasts show arcuate per-
cussion marks. Some of the boulders composed of very fine
grained vitreous Lower Silurian orthoquartzite develop a
distinctive butterscotch-colored rind (10YR 6/4, Goddard
and others , 1948). The Blue Ridge-derived quartz-
ose clasts and some Lower Silurian orthoquartzite clasts
have not been much altered by weathering, and most are
fresh throughout when broken. However, in older alluvial
deposits the less well cemented Paleozoic sandstone clasts,
such as the Juniata Formation, are case hardened and
crumble to loose sand when broken.

The Blue Ridge-derived quartzose clasts are of three
main types: one is composed of white, pale-yellow or pale-
red, medium to coarsely crystalline, equigranular, inter-
locking quartz with rare muscovite flakes; the second is
metaquartzite clasts which may be the Erwin Quartzite of

the Chilhowee Group; the third is a peculiar variety of
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quartz which appears to have been sheared. Some clasts of
the third type consist of rotated augens of clear quartz
in a matrix of nonoriented finely crystalline quartz or
separated by subparallel undulating layers of finely crys-
talline quartz. Other sheared clasts consist of clear
quartz containing one to three sets of parallel to subpar-
allel shear planes spaced at 1-mm to l-cm intervals. Thin-
section study of this second variety of sheared quartz
shows that the crystals in each clast have only one or two
crystallographic orientations and that two-phase fluid
inclusions are commonly present.

The source of the sheared quartz lithology in the Blue
Ridge is not known. It is likely that it is an uncommon
though widely distributed lithology in metamorphic rocks
and is concentrated in streams because of its resistance to
abrasion. For example, this lithologic type is also pres-
ent in gravels of the Atlantic Coastal Plain derived from
Piedmont rocks and in gravels derived from shear zones
associated with metamorphic core complexes in the southern
Basin and Range Province of the southwestern United States.

Within the study area, alluvium derived from the Blue
Ridge was deposited by the New River and two former tribu-
taries which joined it from the northeast and which have
been progressively captured by the Roanoke River. Alluvium

of the two former tributaries from the northeast is



41

lithologically identical to New River alluvium for the
purposes of field identification. They can be differen-
tiated, however, by the characteristics of the contained
zircon population and the percentage of rutile in their
heavy-mineral assemblage (Chap. 5, this report), and on
geomorphic grounds. The former tributaries are infor-

mally named the County Line River and the Blacksburg River.

Valley and Ridge-derived alluvium

This type of alluvium is deposited by moderate-size
perennial streams (>5-10 km in length) which have fheir
headwaters in the Valley and Ridge Province. The clasts
are predominantly Lower Silurian sandstone and orthoquartz-
ite and the Rose Hill Formation. Other less resistant
lithologies, such as the Lower Ordovician Copper Ridge
Formation, the Upper Ordovician Juniata Formation, and col-
loform chert aggregates from the Cambrian and Ordovician
Knox Dolomite, are locally common. Vein quartz and meta-
quartzite cobbles, incorporated by reworking of Blue Ridge-
derived alluvium, are rare, but one or two can be found in
most good exposures such as extensive roadcuts or freshly
plowed fields.

The orthoquartzite clasts are more or less well rounded
and polished, depending on the size of the stream. The

other less pure sandstone clasts, including those of the
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Rose Hill Formation, are fairly well rounded but are not

polished.

Deposits of the ridge flanks

Surficial materials on steep flanks of the ridges
compose a gradational sequence ranging from colluvium to
alluvium. All of these materials traditionally have been
called colluvium. Field evidence, however, indicates that
the dominant mechanism of downslope movement is fluvial
rather than gravitational. For this reason the surficial
materials of. the ridge flanks have been separated into
three categories: c¢olluvium, first-stage alluvium (includ-

ing boulder streams), and second-stage alluvium.

Colluvium
This material is composed primarily of boulders and cob-

bles of Upper Ordovician and Lower Silurian sandstone and
orthoquartzite which break away from the outcrop by frost
wedging and sapping, and move downslope by sheet wash and
gravitational mechanisms. Colluvial deposits are confined

to the narrow zone between ridge crests and the upper limit
of ravine incisement on the flanks of the ridges. The map

boundaries for colluvium were drawn from aerial photographs.

First-stage alluvium

These deposits are composed of large clasts of Upper

Ordovician and Lower Silurian sandstone and orthoquartzite
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derived from colluvium; they occupy the upper and middle
portions of ridge flanks which have been incised by stream
erosion. The clasts were transported down the ridge flanks
primarily by fluvial mechanisms. Some of the boulders are
as much as several meters across, but most measure about

0.5 m or less. The orthoquartzite boulders tend to be more
nearly equidimensional than Rose Hill boulders because the
orthoquartzite units are thicker bedded. Rose Hill boul-
ders are usually in the form of flags. The amount of stream
polish is minimal but increases downslope. Smooth faces and
slickensided surfaces on some boulders can be mistaken for
stream polish.

Accumulations of first-stage alluvium funneled into
steep-sided ravines are termed boulder streams. The ravines
are occupied by intermittent to perennial streams, and the
alluvium shows an apparent though slight reduction in the
size of clasts downslope, and minor development of stream
polish. The stream polish is usually present on only one
surface of the clasts. The progressive reduction in clast
size and increasing development of stream polish are assumed
to indicate that fluvial transport is an important mechanism
in the erosion and deposition of boulder streams. Some of
the major boulder streams and intervening bedrock inter-
fluves on the middle and upper ridge flanks are shown on

plate 2 but, in much of the area shown as first-stage



44

alluvium, boulder streams are not differentiated because of

their narrow width and complex pattern.

Second-stage alluvium

This unit is intermediate between and gradational with
first-stage alluvium and Valley and Ridge-derived alluvial
deposits. It is lithologically similar to the first-stage
alluvium, with locally derived admixtures of Copper Ridge
sandstone, chert nodules, and botryoidal masses of goethite
and manganese oxide. The clasts range in size from pebbles
to small boulders and tend to be slightly rounded. Many
orthoquartzite clasts are polished on one or more surfaces.
Second-stage alluvium is not a recognizable unit in most of
the area, and no attempt was made to map it except in a few
places where it has considerable areal extent. In general,
first-stage alluvium becomes mixed with older deposits of
Valley and Ridge-derived alluvium a short distance after
crossing the contact from clastic bedrock to carbonate bed-
rock, and this admixture obscures the development of second-

stage alluvium.

Residuum and bedrock
This map unit is used to designate areas in which
there are no transported surficial materials. Bedrock is
self explanatory. The residuum of the area consists of

clay and chert derived from weathering of carbonate units.
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Some parts of the area are paved with lag deposits composed
of pebble-size angular chert. Most of the residuum,
however, is clay containing some chert nodules and

fragments, underlain by limestone and dolomite solution

pinnacles.



CHAPTER 4

DEPOSITIONAL MECHANISMS AND
GEOMORPHIC PROCESSES
The following sections are analyses of modern erosional
mechanisms in the study area, and the characteristics of the
resultant surficial materials are compared with those of

their older counterparts.

Alluvium of Perennial Streams

Alluvium deposited by the New River, its Valley and
Ridge tributaries, and the two captured tributaries from
the northeast covers about 25 percent of the area mapped in
detail. Alluvium of these three stream systems is similar
in that it was deposited by perennial streams which had
moderately low gradients, although the streams differed in
size (discharge).

Modern alluvium of the New River and the Valley and
Ridge tributaries is confined to stream channels, narrow
flood plains, and point bars inside meanders. Map patterns
of the better preserved older alluvial deposits indicate
that they were deposited in essentially the same ways as
were those of the modern alluvium. Remnants of channel,
flood-plain, and point-bar deposits have been left behind

by the mechanisms of stream capture, meander cutoff,
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extension and migration of meanders, and lateral migration

of streams accompanied by downcutting.

Morphology of the New River

In the Valley and Ridge Province, between Claytor Lake
and the Appalachian Plateau, the New River flows across two
broad carbonate-floored valleys and cuts through four
ridges (fig. 4). The principal towns along this stretch of
the river are Radford, Eggleston, Pembroke, Pearisburg, and
Narrows (figs. 3, 4). The course of the New River across
this part of the Valley and Ridge Province may be divided
into three segments on the basis of sinuosity and gradient.
Physical parameters of each of the three segments are given
in table 3. Figure 6 shows the landforms adjacent to the
New River by means of seventeen profiles, 2 km long, drawn
perpendicular to the river. Locations of the profiles are
shown in figure 4.

From Radford to Cloyds-Brush Mountain, the New River
flows across the Great Valley, which is underlain mostly by
Cambrian and Lower Ordovician carbonate and shale units
exposed in thrust sheets of the Pulaski fault system. This
part of the Great Valley is about 40 km long and 20 km
wide, elongate in a northeast-southwest direction. It is
bounded on the southeast by the Blue Ridge and on the
southwest and northwest by ridges underlain by Paleozoic

sandstones. The northeast boundary, between Blacksburg and
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Christiansburg, is the Atlantic-Gulf of Mexico drainage
divide. The elevation of much of the valley is 575-675 m
(1880-2200 ft). The drainage pattern is predominantly
dendritic, as a result of the uniform resistance to erosion
of most of the bedrock of the valley.

The course of the New River is slightly northeast of
the middle of the valley. At Radford the elevation of the
river is 524 m (1720 ft); at Cloyds-Brush Mountain it is
506 m (1660 ft). The gradient of the river is 0.6 m/km
(3 ft/mi), and the sinuosity is 2.3. The low gradient and
high sinuosity are the result of two rather anomalous large
meanders. Inspection of the topography as shown on the
Radford North 7 1/2-minute topographic map
indicates that the meanders are being extended and are
migrating downstream, with no apparent tendency toward
being cut off. The larger of the two meanders has been
extended 4.5 km to the northeast and has migrated 1.5 km
downstream.

The width of the flood plain is variable, ranging from
0 to 600 m, but in general the flood plain of the New River
in the Great Valley is wider than in the valley between
Eggleston and Pearisburg. Bluffs 25-100 m (80-300 ft) high
are present outside the bends in the river along 75 percent

of the distance between Radford and Cloyds-Brush Mountain.
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In the next segment downstream from the Great Valley,
the New River cuts through two major ridges. The relief in
the water gaps is 268 m (880 ft) at Cloyds-Brush Mountain
and 357 m (1170 ft) at Big Walker-Gap Mountain. Within
this 2.6-km-long segment the gradient increases abruptly to
2.3 m/km (12 ft/mi) as the river flows over shale and sand-
stone units ranging from Upper Ordovician through Lower
Mississippian. The river is wide (as much as 550 m) and
quite shallow, particularly where it crosses Mississippian
bedrock, and numerous low rapids are present over resistant
sandstone ledges. The most prominent rapids are developed
over the ocutcrop belt of the Tuscarora Sandstone in the gap
between Big Walker and Gap Mountains, locally called the
Upper Narrows. Some of the rocks project 3 m (10 ft) above
normal water level and have plunge pools more than 7 m
(20 ft) deep on their downstream side. In the carbonate
valleys upstream and downstream from this segment the New
River is much narrower and deeper, ranging from 80 to 350 m
wide, averaging about 200 m wide.

The modern course of the New River through Cloyds-
Brush Mountain is offset 1.5 km to the southwest relative
to its water gap through Big Walker-Gap Mountain. The
topography and the presence of alluvial deposits northeast
of the river indicate that the two water gaps were alined

when the river was about 100 m (300 ft) higher than it is
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now. The elevations of the alluvial deposits suggest that
the river may have migrated to its present location in
three discrete stages.

In its third segment between Big Walker-Gap Mountain
and East River-Peters Mountain, the New River again crosses
a broad carbonate-floored valley. This valley has been
formed by unroofing of the Clover Hollow and Bane anti-
clines and the structurally high Spruce Run and Pearisburg\
synclines. The valley is 10 km by 20 km, elongate to the
northeast, and is bounded on all sides by ridges underlain
by Silurian sandstone. The Atlantic-Gulf of Mexico drain-
age divide is located along the ridges and mountains to the
northeast. This valley is somewhat hillier than the Great
Valley, although the general elevation of the valley floor
is similar, about 575-675 m (1880-2200 ft). The drainage
pattern is a combination of dendritic and trellis.

The course of the New River is across the northeastern
half of the valley, over Middle Cambrian to Upper Ordovi-
cian carbonate and shale units. The river flows over shale
and interbedded limestone (Upper Ordovician Martinsburg
Formation) in the water gap between Buckeye Mountain and
Spruce Run Mountain, 2.5 km northwest of the Upper Narrows.
The base of the lowest sandstone unit underlying this syn-
clinal ridge, the Juniata Formation, is about 175 m (575 ft)

above the elevation of the river.
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The course of the river is sinuous, but the meanders
have a low amplitude (1-2 km), so the gradient is higher
(1.0 m/km (5 ft/mi)) and the sinuosity is lower (1.6) for
this segment of the river as compared to the Great Valley
segment. There are two relatively young cutoff meanders--
one at Pembroke and another at Bluff City, northwest of
Pearisburg. Both meanders are small, having an amplitude
of about 1 km.

Bluffs 30-100 m (100-300 ft) high are present along
much of the river, although they are more commonly present
and higher outside of bends. Bluffs developed in carbon-
ate units of the Knox Group east of Eggleston are shown in
figure 7. The flood plain is very narrow between Big
Walker-Gap Mountain and Pearisburg, usually less than 150 m
and often less than 100 m. Between Pearisburg and East
River-Peters Mountain the flood plain is wider, reaching a
maximum width of about 500 m.

The New River leaves the Valley and Ridge Province
through a water gap between East River Mountain and Peters
Mountain known as the Narrows. Elevation of the river at
this point is 463 m (1520 ft). Maximum relief present at

the water gap is 560 m (1840 ft) within 2.5 km.
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Examples of Blue Ridge-derived alluvial deposits

The Blue Ridge-derived alluvium of the area is inter-
preted to be point-bar, channel, and flood-plain deposits
left behind by the rivers by the mechanisms of lateral
migration with downcutting, meander cutoff, and stream
capture.

The distribution of New River alluvium indicates that
the river channel was confined and that the river did not
meander widely over a carbonate plain of low relief. The
alluvium is restricted to bands 3-4 km wide on either side
of the river and consists of many individual deposits less
than 0.5 km? in area. The extent of individual younger
alluvial deposits can be distinguished on the basis of
topography. With increasing age, however, the topographic
boundaries become subdued, and individual deposits coalesce
to form a veneer of alluvium. For this reason the bound-
aries of adjacent individual alluvial deposits of the New
River (and the other streams as well) are not shown on
plate 2 even in the areas where the boundaries are distinct.

An example of alluvial deposits interpreted to have
been formed by lateral migration of the New River at the
southwest end of Brush Mountain is shown in figure 8. The
alluvium of both the younger and the older deposits is
probably a combination of channel, flood-plain, and poorly

developed point-bar deposits. These environments are
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Figure 8.--Map and topographic cross section of two
alluvial deposits southwest of Brush Mountain
interpreted to have been developed by lateral
migration of the New River.
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inferred from the areal distribution of the alluvium,
although the alluvium is not well enough exposed to distin-
guish depositional environments.

Figure 9 shows a point-bar deposit that formed as a
result of extension of a meander on the northeast side of
the New River across from Eggleston. The cross sections of
the deposit in this figure and in figure 8 show escarpments
at 536 m and 530 m (1760 ft and 1740 ft) separating older
from younger alluvium. The escarpments could have resulted
from relatively abrupt shifts in the location of the river
channel, or they could represent an increase in the rate of
downcutting of the New River. The first interpretation is
preferred because similar escarpments are present at many
different heights above the New River in the study area,
and it is not reasonable to call on an increased rate of
downcutting to explain each of them.

The town of Pembroke is on a relatively young
cutoff meander of the New River. The topographic form of
the cutoff meander is seen on the Pearisburg 7 1/2-minute
topographic map, A much older body of New
River alluvium, as much as 180 m (600 ft) above river level,
occurs north of Spruce Run Mountain. It is presumed to be
an abandoned meander loop, because it is bounded on two
sides by large areas of Valley and Ridge alluvium in such a

way that no other explanation seems possible (fig. 10;
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Figure 9.--Map and topographic cross section of an alluvial
deposit near Eggleston interpreted to be a point bar
developed by extension of a meander of the New River.
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pl. 2). The vertical dimension of the deposit has been
altered considerably by solution of the underlying Middle
Ordovician limestone. However, the alluvium does not
appear to have been reworked laterally to any great extent,
so the map pattern may be similar to the original deposi-
tional pattern. The reason for suggesting that these
deposits represent a meander loop is that this is the only
solution which adequately explains most of the character-
istics of the deposits. The problem is to explain the
presence of an approximately equidimensional deposit of New
River alluvium bounded on the northeast and southwest by
rectangular-shaped deposits of Valley and Ridge alluvium.
The southwest contact is sharp; the northeast contact is
gradational.

Two basic solutions to the problem are shown in fig-
ure 10. Figure 10A shows the instance in which the New
River alluvium is deposited as the river flows to the north-
west. The Valley and Ridge alluvium is deposited by a trib-
utary (probably Sinking Creek) entering the New River from
the northeast and by another tributary, equivalent in size
to Sinking Creek, entering the river from the southwest.
The difficulty with this solution is that whenever the New
River moved southwestward to its present location it would
have removed th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>